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INTRODUCTION
From the time man first tested his roast by spearpoint he has tried numerous methods for determining organoleptic qualities of meat Taste, aroma, juiciness, tenderness and often appearance are involved in organoleptic evaluation. Extensive research has been conducted to correlate the physical, chemical and histological properties of meat to tenderness and other organoleptic factors. Because of individual differences in the subjective judging of tenderness, a continuing search for objective methods has been made to find a precise and reproducible method for gauging texture .
Most of the mechanical methods thus far developed have involved the measurement of the forces required to shear or penetrate a piece of meat of a certain cross section. Of these devices, the Warner-Bratzler shear apparatus has been the mos», widely used. For cooked samples, the Warner-Bratzler shear values correlate satisfactorily with organoleptic test values. As yet, no satisfactory method has been perfected which, by assay on raw meat, can predetermine tenderness in the cooked product. None of the various systems of grading cattle predicts with any certainty the tenderness of the processed meat. The need for a method to make such a prediction is evident.
The application of freeze-drying techniques to the preservation and storage of raw and cooked meats, with higher costs of processing and longer shelf life, make it doubly desirable that the quality of the end product be assured.
According to Sperring et al. (1) a satisfactory tenderometer should meet the following requirements: "(a) it should measure the tenderness of a small sample of raw or cooked meat, (b) it should give results quickly and be easy to operate, (c) it should give reasonably accurate results on a sample small enough for biopsy." In addition to these, we would add two more requirements: (d) the instrument should be pcrtable, and (•) it should not be influenced by environmental factors, i.e., temperature, current drop, etc.
In recent years this Laboratory, in cooperation with the Feed Service Corporation of Crete, Nebraska, has studied the tenderness problem frcm the standpoint of developing an instrument which embodies the requirements set forth above. Preliminary data obtained with this instrument, the Morea Tenderometer, indicated that it could be used on raw beef to give good correlation with panel scores on cooked samples. Data obtained from the first set of samples indicated too great a similarity in texture between Choice and Good grades. In order to obtain a slightly greater gap in grade. Low Choice ribeyes were compared with U.S. Standard ribeyes rather than U.S. Good previously used. The last group of samples also included a section of the Biceps femoris muscle from the same carcass as the U.S. Choice ribeye. This muscle was not subjected to an organoleptic evaluation since the difference in texture would be too obvious.
Muscles tested were dissected from the carcass three days after slaughter and stored at 35 0 C until objective and subjective testing was done on the fourth day post mortem.
Subjective Tests
The whole L. dorsi muscles, from both the right and left sides of each animal were dissected and used in this program. The paired muscles from each carcass were cut in half (at approximately the sixth rib) and the anterior half of each was used for organoleptic evaluation. The posterior halves were used for objective measurements. The detailed procedures employed in the Warner-Bratzler • shear, Morea Tenderometer phosphate (ATP) and spectrographic technique for 18 elements were also described in the First Q-^rterly Report.
B. Results and Discussion
An attempt was made to select beef from production which would give relatively small but significant differences in texture. In the initial phase of the program comparisons were drawn between Low Choice and Good carcasses in order to hold as closely as possible to a narrow age range among the tw :> groups of animals. Unfortunately, it was found that Choice and Good were not significantly different in textural characteristics in three out of four tests, and as a consequence it was necessary to widen the gap in grades to be tested.
When comparisons were made between Low Choice and Standard grade carcasses, a greater spread in data was seen for all procedures, but the differences were still not large. Although twelve Choice ribeyes were compared with an equal number of Standard ribeyes, the organoleptic panel scores were significantly different in only five tests. Since all 32 of the carcasses used in this study were picked at random, and were selected on the basis of hot weight, age and degree of marbling, it is remarkable that grade and tenderness were so poorly correlated. There is no doubt that current grading methods are deficient in this , area of beef quality, since nearly all cuts of meat from the three grades used were of uniformly high quality.
Using the Warner-Bratzler shear and the organoleptic panel as base lines for tenderness, an attempt has been made to determine the following:
1. The ability of a new portable instrument, the Morea Tenderometer, to predict tenderness on raw meat, and 2. To determine the role of minerals in tenderness.
In principle, the Morea Tenderometer is an attempt to quantitate one of the first subjective measures of tenderness which an individual makes in eating beef; namely, the ease with which the meat is cut by a dull knife. In this instance a rotating dull knife is used to penetrate either raw or cooked boel and the data is recorded as a summation of cuts in a set number of revolutions. It is felt that the method is a summation measure of penetration, maximal extensibility and shear through muscle bundles and connective tissue I, DA 19-129-AMC-2102(N)
■I
The instrument is built in such a way that the depth of blade penetration per set number of revolutions may be read from either a kymograph tracing (area measurement expressed in square centimeters) or automatically with an electrometer integrating device. In the tests reported here, area measurements were used and therefore the data is transcribed in square centimeters.
Based on previous experience with this instrument, it was felt that the Morea Tenderometer would give a measurement on ru,w beef which would correlate well with panel scores, and also peraaps v/ith the W-B shear. Table 1 of the Appendix provides a statistical summary of the data amassed on 24 of the test samples (2C5 through 3C16). In this analysis of the data the organoleptic is represented by "y" and each of the other methods as an "x" function. The raw data from which this analysis was made is given in the Appendix, Tables 3-5.
The correlation coefficient (r) for the W-B shear method using cooked samples was found to be -0. o6, significant at the 1% level. A similar r value has been reported by others (2, 3), so it is felt that the techniques used in the study are essentially sound.
The correlation coefficient for the Morea Tenderometer using raw meat was found to be +0.43, significant at the 5% level. This was not as high as was expected, but could probably be improved upon with a larger number of samples. The correlation coefficient of the Tenderometer when used on cooked meat was +0. 57, significant at the 1% level, a value quite comparable to that of the W-B shear.
Correlation analysis was also run between the WarnerBratzler shear for cooked meat and the Morea Tenderometer on raw meat. In this case a correlation coefficient of -0. 54 was found which is significant at the 1% level.
In one group of seven carcasses (Samples 3C10-3C16, Table 3 ), Biceps femoris was obtained from the choice animuls in addition to the L, dorsi muscles. The B. femoris was tested by shear and Tenderometer methods using both raw and cooked muscles. A comparison of the means was made in order to determine spread in the data and to determine the effect which cocking has on the values obtained by each method. The data given in Table 2 of the Appendix shew the marked similarity of the methods in their response to cooking. The data do not show, however, that the shear test was unable to predict tenderness in two of the seven samples (Table 3 , Samples 3C14, 3C15), while the Tenderometer did do so. Correlations involving specific minerals were run as shown in Table 1 . Since time did not permit an analysis of each of the 18 elements listed in Table 5 of the Appendix, five elements were selected by inspection of the data and by their potential physiological function in the myofibril. Manganese, for example, was chosen for enzyme activator properties, as well as for its polyfunctionality (potential cross-linker). Iron was chosen to give an indication of a spec:tic protein, myoglobin, as a determinant of tenderness. Zinc was selected because of its reported influence on muscle hydration (4), which in turn could bear on tenderness parameters. Magnesium-tocalcium ratios were determined and subjected to correlation analysis since both elements act as enzyme activators and antagonists. Physiologically, calcium is known to cause muscle tetany, while magnesium is involved in electronarcosis. Correlation coefficients for the elements are also given in Table 1 , where it can be seen that only iron appears to relate to tenderness (r=-0.48), significant at the 5% level.
No attempt was made to correlate tenderness with either adenosine triphosphate or inorganic phosphate values which are given in Table 4 of the Appendix. It can be seen by inspection of the data that the individual values vary widely with no tendency to form a straight line pattern when plotted on graph paper. The same observation was made on plots of sodium, potassium, and potassium/ magnesium/calciunn ratios; no observable correlation was found to exist.
Although it is possible that certain of the elements listed in Table 5 could relate to tenderness, time did not permit an examination of those elements which would reflect the type of feed or geographic area from which the cattle were obtained.
On the basis of work now completed it is concluded that both the rotating knife tenderometer and the protein myoglobin (iron) merit further study in beef tenderness research. * Average from seven carcasses tested. Both muscles were taken from the same animal.
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